An dynamic filtering based obstacle detection algorithm is proposed for the navigation and control of Autonomous Land Vehicle (ALV). The algorithm detects the obstacles using sequential sonar data from dual sonar sensors. The sonar model is described at first. Then the obstacles' features, depicted as lines, are extracted. Finally a dynamic data filtering algorithm is described, in which the sonar return data is firstly processed through dynamic filtering using the orientation and the trajectory information of the vehicle. The algorithm's validity is approved through a field test in cross-country environment.
INTRODUCTION
It is a fundamental capability for Autonomous Land Vehicle (ALV) to acquire the environment information and build the local obstacle map through various onboard sensors. Obstacle detection devices, used to be installed on ALV, include: vision, LiDAR, millimeter-wave radar, ultrasonic or infrared sensors. Sonar sensor has many merits compared to other popular range sensors, such as: cheap, accurate range readings, unaffected by light intensity, etc. However, sonar sensor suffers from bad angular resolution, specular reflections, and cross-talk, etc., which limit its application usually in near range obstacle avoidance in indoor environment [1] [2] . Some researcher even make the conclusion that sonar sensor is not suitable for cross-country ALV applications.
The ALV navigation and control applications in crosscountry environment require sonar sensor to detect the obstacles with the size of 40X40 cm, distributed in the range of 10~15m, and with the acceptable distance error limited in 5cm. To meet the above requirements, a large-range obstacle detection algorithm using sequential sonar data, is proposed, in which the problem of obstacle feature extraction, false data filtering, and obstacle localization, is processed. Dual sonar sensors are used to measure the distance and the orientation of the obstacle lying in the overlapped aperture angle area. The obstacles' features, depicted as lines, are firstly extracted. Then the features all over the movement path of the ALV, are recognized and localized through a dynamic filtering method, in which the sonar return data is firstly processed through static filtering according to the geometric relationship of the ultrasonic array, then, dynamic filtering is executed using the orientation and the trajectory information of the vehicle.
The paper is organized as: Part Ⅱ introduces the sonar model and discusses the description of the obstacle feature and the obstacle map; Part Ⅲ presents the obstacle detection algorithm; and, Part Ⅳ gives the experiment result.
II. OBSTACLE FEATURE EXTRACTION

A. Sonar Modeling
According to the velocity of ultrasonic, the smallest cycle time of sonar return is 60ms in 10m range. Therefore, the traditional obstacle detection mode of ultrasonic sensor, in which only one obstacle detected in one cycle, can hardly meet either the requirement of large range obstacle detection or that of multi-sensor information fusion for ALV in complex crosscountry environment. Fortunately, different from linear laser radar, ultrasonic sensor belongs to planar sensor, which can receive all the sonar returns in the radiation range. According to the requirement of large range obstacle detection, a new type of large range sonar sensor has been developed, which can output all distances and intensities of the sonar returns from multiple obstacles during one detect cycle. A single sonar return R1, is represented by an arc centered at the position of the sonar sensor a, with radius R1, which is limited in the range of aperture angle , as shown by Figure1a. A group of sonar returns detected in one detect cycle, similarly, are represented by a cluster of concentric arcs, as shown by The amplitude of the sonar signal appears to exponentially attenuate as the following equation:
Where, A depicts the sonar amplitude, A 0 depicts the sonar amplitude at the probe diffuse surface of the sonar sensor unit, f depicts the sonar frequency (MHz), C depicts the sonar velocity.
B. Obstacle Feature Extraction
Given that the distance of the obstacle lying in the overlapped aperture area of the two ultrasonic sensors is much larger than the length of the baseline, the geometric features of obstacle are represented by points and lines, satisfy:
1) Dot-like obstacle can be detected only if it lies in the range of the aperture angle of the sonar sensor;
2) Linear obstacle can be detected only if the vertical line from sonar sensor to the object, lies in the range of aperture angle.
Because the angular resolution of the sonar sensor is low, it is difficult to localize the object for single sensor. Therefore, sonar sensor array is needed. Without loss of the generalization, only the dual-sonar array is discussed, and the obstacle detection algorithm consider only those object lie in the overlapped area of the two sonar's aperture angle ranges.
Ellipse localization algorithm is one of the classical ultrasonic localization algorithms. The principle of ellipse localization algorithm is briefly introduced. Given an obstacle is located in the far field of the ultrasonic sensors, satisfying the far field constraint of . As for the sensor S1, the coordinates of the obstacle should satisfy the following formula: 
III. OBSTACLE DETECTION ALGORITHM
To get desired obstacle localization effect, it is not enough just improving the performance of the sonar sensor, filtering the measured data is also necessary. In this paper, the sequential sonar return data is processed through the dynamic filtering method using the orientation and the trajectory information of the vehicle.
A. Dynamic Ultrasonic Array
So called dynamic ultrasonic array is a four unit array dynamically constructed by each group of sonar sensors, using the movement continuity and the known orientation of the vehicle, as shown in FIGURE 3. 2  2  2  2 2  1  2  2  2  22  2  2  2  2  2 2  3  2  2  2 
The location ( , ,
x y z ) of the obstacle, can be solved from above formula.
B. Algorithm Description
The Dynamic Filtering Algorithm:()
1)
Initialize Vehicle Location( 0 G X );
2)
Acquire the queue of the measurement data: 0  0  0  1  2  3  4 , , , T T T T };
3)
Static filtering
, , , T T T T }=SFilter ( 0 0 0 0   1  2  3  4 , , , T T T T )
4)
Acquire the obstacle location estimation:
5)
Transform to the Global Coordinate:
6)
Build the weight relationship table: 
IV. EXPERIMENT RESULT
To test the algorithm, an obstacle detection test in crosscountry environment was executed, in which the ultrasonic sensors are installed on the ALV platform (错误！未找到引 用源。). The results show that, in cross-country environment, the algorithm dramatically reduced the specular reflection, cross-talk, and environment noise, at the same time, the distance and direction of the obstacle was measured with high accuracy.
(a) the ultrasonic sensor platform (b). the field obstacle environment and the obstacle map 
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